The intermetallic compound SmMn 2 Ge 2 , displaying multiple magnetic phase transitions, is being investigated in detail for its magnetization behavior near the 145 K first order ferromagnetic to antiferromagnetic transition occuring on cooling, in particular for thermomagnetic history effects in the magnetization data. The most unusual finding is that the thermomagnetic irreversibility, [= M F CW (T)-M ZF C (T)] at 135 K is higher in intermediate magnetic field strengths. By studying the response of the sample (i.e., thermomagnetic irreversibility and thermal hysteresis) to different histories of application of magnetic field and temperature, we demonstrate how the supercooling and superheating of the metastable magnetic phases across the first order transition at 145 K contribute to overall thermomagnetic irreversibility.
I. INTRODUCTION
There have been a continued interest in the past decade in understanding the magnetization behavior of the body centered tetragonal rare-earth transition-metal germanides and silicides (RMn 2 Ge 2 and RMn 2 Si 2 ). Various kinds of magnetic phase transitions, viz., paramagnetic (PM) to ferromagnetic (FM), PM to antiferromagnetic (AFM), FM to AFM, AFM to FM or ferrimagnetic state (at low temperature, T) can be observed in different compounds belonging to this class of materials. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The unit cell in these compounds, consists of layered structure .. (ii) a low-T AFM to re-entrant FM transition near 100K (T 2 ). 2, 6 In addition, the easy axis in SmMn 2 Ge 2 changes from <001> above ≈145 K to <110> below ≈100 K.
2,6
The intermediate AFM-regime can undergo metamagnetic transition for magnetic field strengths, H ≈ 5 kOe, by which the alternate antiparallel spin-configuration of the FMlayers is transformed to a parallel one. provides an unique opportunity to probe the aspect of TMI in the view of two first order transitions, as it has been established that both the transitions -at T 1 , and T 2 -are first order in nature. 6, 8, 17 This system thus is a natural choice for observing all the characteristics of a FOT (including superheating) as we approach the AFM-regime (displaying negligible moment relative to the FM-state) both while heating from the low-T FM-regime as well as while cooling from the high-T FM-regime. We thus demonstrate through TMI measurements the observation of the metastable phases of both kinds (i.e., supercooled and superheated) so clearly in SmMn 2 Ge 2 . In this paper, we present the thermomagnetic history effects observed on variation of field and temperature across the 145 K first order transition in SmMn 2 Ge 2 .
Thermomagnetic history effects associated with the low temperature transition (i.e., at ≈100 K) in this compound are still under investigation, and are not addressed in this paper.
II. EXPERIMENTAL DETAILS
Polycrystalline samples of SmMn 2 Ge 2 were prepared by argon-arc melting. Details of sample preparation and characterisation can be found in Ref. [15] . The M vs. T and/or H data have been recorded using a commercial SQUID magnetometer (Model MPMS5) with a scan-length of 4 cm. The measurement of M is being done in three different experimental protocols, viz., Zero field cooling (ZFC), Field cooled cooling (FCC) and Field cooled warming (FCW). These protocols are explained in detail in Ref. [19] .
III. RESULTS AND DISCUSSION
Before we present the detailed results on thermomagnetic history effects across T 1 , we would like to discuss the M vs. T as well as M vs. H behavior, to serve as a prelude to interpret TMI data. Thus, the small TMI in the FM1-phase of SmMn 2 Ge 2 above 145 K (despite the low field of 50
Oe) is definitely indicative of relatively small domain-wall pinning effects. Besides, in view of highly anisotropic magnetization behavior of SmMn 2 Ge 2 , the small TMI in the FM1-phase also suggests that either there is a relatively small magnetocrystalline anisotropy or there is some preferential orientation of <001> grains parallel to applied H in this polycrystalline sample. However, on the basis of data of Fig. 1 alone, it is not possible to decipher which one of the above two factors is causing the small TMI observed above T 1 .
To know about the H-dependence of the TMI behavior in SmMn 2 Ge 2 , we show in Fig. 2 the M vs. T plots for H, namely 5 kOe, 20 kOe and 50 kOe. We find that,
1. Instead of loss of magnetization as observed at low-H (see Fig. 1 ) in the AFM-regime, a "dip" like feature is now observed in M vs. T plot for H=5 kOe, indicating that the AFM-regime is narrowed down in high H. We also want to draw the reader's attention to the fact that relative to the TMI in small H (see Fig. 1 ), the increase of H to a moderate value, for instance, 5 kOe has almost smeared out the T 2 -transition, whereas the T 1 -transition is less affected qualitatively. Furthermore, in presence of high fields (H ≥ 5 kOe), the moment in the FM1-phase is distinctly larger than that in FM2-phase, which is in sharp contrast with the situation at 50 Oe (see Fig. 1 ). At further higher H, the M vs. T plots do not show any dip in magnetization at T 2 -transition (i.e., for both H=20 kOe and 50 kOe). Instead, magnetization (in H=50 kOe) rises with T right from T > 30 K.
2. The TMI (see, e.g., magnetization at 5 K) decreases as one goes from 50 Oe (Fig. 1) to 20 kOe (Fig. 2) . However, at 50 kOe, we find that TMI has a different sign, i.e.,
This change in sign of TMI at higher H is quite anomalous, the origin of which is unclear at present. 
18-20
We stress here that the M F CW (T) data presented in Fig. 1 and Fig. 2 [18, 19, 20] . In this paper, we will focus on TMI effects only across the T 1 -transition. To limit the contributions to the overall TMI (say near the transitiontemperature) arising from the metastable effects related with domain pinning/hindrance, the strength of H should be small enough so as not to drive the AFM-state into a FM-state while preparing the field-cooled state from, say at 135 K.
In Fig. 4 , we show the effect of strength of H on the TMI (near the T 1 -transition) obtained from the M vs. T plots which have been recorded while warming the sample;
(a) after cooling in zero field from above T C to 120 K (thereby ensuring the initial phase at 120 K to be purely AFM) at which the appropriate field is applied (i.e., ZFC protocol), and the first order nature of the magnetic transition taking place at T 1 , rather than having an origin due to domain-related behavior wherein the TMI gets suppressed with the increase in H. 22, 23 However, with further increase in H, the drastic decrease of TMI at 135 K is observed.
It thus turns out from the foregoing data that TMI at intermediate H (i.e., ≈ 2-4 kOe) is higher than the TMI observed both in low (i.e., 20 Oe and 1 kOe) or high fields (i.e., 6, 10, and 20 kOe). This is remarkably a peculiar finding. We now discuss the possible origin of this behavior.
We note from Fig. 3b , that the sample undergoes a complete metamagnetic transition at 120 K by ≈ 7.5 kOe field (see Fig. 3b ), with the result that along the ZFC warming M vs.
T curve (open data symbols in Figs. 4a-g ), the sample is completely in FM-state for H = 10 kOe and 20 kOe, and partly in AFM-and partly in FM-state for 3.2 kOe < H < 7. a FOT from FM to AFM at ≈100 K. [18] [19] [20] The TMI in SmMn 2 Ge 2 for H ≈4 kOe or higher may be attributed to arise from both the metastable-effects associated with domain-related causes, as well as the metastable-effects associated with the FOT at T 1 . This is so, because for H ≥4 kOe (but ≤7.5 kOe), the sample also consists of a finite fraction of FM1-phase (see we shall now present results of H-dependence of thermal hysteresis across the T 1 -transition.
In Fig. 5 , we show the results of thermal cycling of SmMn 2 Ge 2 sample across the T 1 -transition in presence of different field strengths. (It should once again be noted that the M vs. T data for different H's (for both FCC-as well as FCW-protocols) is normalised with respect to the highest M-value observed along the FCC-curve). For each H, we first brought the sample to 150 K in ZFC-manner from above T C , then the field is applied and FCC-data is first collected down to 120 K followed by recording of FCW-data by warming the sample upto and above T 1 . Akin to the multiple jumps seen in the M vs. H curves within the AFM regime (Fig. 3a) , more than one jump in M are also observed in these thermal cyclings as well. A significant amount of thermal hysteresis is visible for all the field strengths upto 
